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Welcome to Toulouse ! L’Institut Supérieur de l’Aéronautique et de l’Espace (founded 1909), 
the oldest French Grande Ecole dedicated to aeronautics and space, is pleased and honored 
to host the ninth meeting of the International Planetary Probe Workshop.

In attendance at IPPW-9 is an abundance of participants, a varied program, and ample 
opportunities for discussion of future collaborations. This year’s theme is Space Probe 
Instrumentation, as reflected in our Short Course and many of the oral and poster presentations. 
Our community has been very busy over the past year; all of our work has generated an 
outstanding set of presentations and posters that you will encounter in the next four and a half 
days.

We are pleased to welcome an international group of scientists, technologists, engineers, 
mission designers, and policy makers to IPPW-9. Our committees have worked very hard 
in organizing the logistics for the workshop, planning the program, soliciting and evaluating 
nominees for the Al Seiff Award, and coordinating opportunities for student participation. 

Ideally situated in the heart of Southern France, between the Mediterranean and the Atlantic 
Ocean, the cosmopolitan and enthusiastic Ville Rose joyously mixes heritage and lifestyle, 
great cultural events and festival pleasures. Toulouse is an absolute must for everyone wanting 
to explore France. At once both modern and proud of the legacy of its past, open and radiant, 
you are bound to be seduced by the incomparable Toulousain lifestyle, coupled with the wealth 
of its cultural heritage. Your stay in Toulouse will certainly be a pleasurable one.

We encourage you to attend as many oral and poster sessions as possible, in order to benefit 
from the world-wide planetary probe mission experts attending IPPW-9. We have scheduled 
a relaxing poster session on Tuesday evening. To better associate the submitted posters with 
their sessions, we will also have posters available in conjunction with each session. In keeping 
with agendas at previous IPPWs, we have scheduled parallel oral sessions only on Thursday. 
Our conveners will coordinate their timing so it will be possible to move back and forth between 
the parallel sessions in the morning and afternoon. Of interest to our student and early career 
attendees is a professional development session, scheduled for mid-day on Thursday.

Since IPPW-9 is indeed a workshop, we also urge you to take advantage of the numerous 
opportunities during coffee breaks, lunches and social activities to build collaborative partnerships 
with other workshop participants. In addition, the IPPW-9 sponsors have generously funded a 
large number of students who would be interested in meeting the working planetary probe 
participants to gain a better understanding of how to build a future career in this exciting field. 
We are very encouraged to have a sizeable student population with us!

On Friday, 22 June, there will be a presentation on the plans for IPPW-10 in 2013, in the United 
States. We encourage you to attend this talk to learn about your next opportunity to join our 
community. In this time of transition for many of our Agencies, it is all the more valuable for us 
to reconnect with our colleagues and celebrate our strong planetary probe foundations. We 
encourage you to learn and enjoy our 9th International Planetary Probe Workshop.

Let’s make it a great week !

 
Bernie Bienstock David Mimoun
NASA Jet Propulsion Laboratory Institut Supérieur de l’Aéronautique 
IPPW-9 International Organizing Committee et de l’Espace
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Monday, 18 June 2012

Time Duration Session Id Description Conveners
08:00 30 Registration/Coffee

08:30 30
Session 1 Opening Welcome and Logistics

   D. Mimoun – Logistics
   B. Bienstock/J-P. Lebreton – Opening of IPPW-9

Bernie Bienstock
Jean-Pierre Lebreton

M. Wright: Presentation of the Al Seiff Award
R. Braun: Opportunity Taken:  The Value of Diverse Career Experience (Invited)

09:30 25 P. Bousquet:  French Contributions to Entry and Surface Missions (Invited)
09:55 25 195 L. Colangeli: The ESA Science Program for the Progress of European Society (Invited)
10:20 30 Coffee

10:50 25 194 J. Reuther: The NASA Space Technology Program and Support of EDL Technologies 
(Invited)

11:15 25 164 K. Fujita: An Overview of Japan’s Planetary Probe Mission Planning (Invited)
11:40 25 132 O. Korablev: Outlook for planetary probe missions in Russia (Invited)
12:05 25 112 J. Cutts: The Next Fifty Years of Planetary Exploration with Probes (Invited)
12:30 90 Lunch

14:00 25 Session 2 47 O. Mousis: A Saturn Entry Probe Mission: What can be learnt from the measurements of 
heavy noble gas abundances and isotropic ratios (Invited)

Tom Spilker

14:25 25 138 N. André: Missions to Uranus: Exploring the Origins and Evolution of Ice Giant Planets 
(Invited)

Athena Coustenis

14:50 25 116 D. Lebleu: Exploring the depths of Saturn (Invited)
15:15 25 141 P. Wurz: Mass spectrometric investigation of the atmospheres of giant planets (Invited)
15:40 20 168 T. Spilker: Saturn Entry Probe Potential for Uranus and Neptune Missions
16:00 20 35 V. Parmentier (Student): Planetary probes into giant planets : what will we learn ?

16:20 20 170 J. Lebreton: The Schumann Resonance: a tool for the in situ and remote sensing 
exploration of the deep atmosphere of giant planets

16:40 30 Coffee
17:10 25 Session 3 31 R. Lorenz: The Titan Mare Explorer (TiME) Discovery Mission (Invited) Jeff Hall
17:35 20 Titan 183 P. Beauchamp: The organic aerosols of Titan’s atmosphere Francesca Ferri
17:55 20 124 F. Sohl: Scientific rationale of future Titan landing sites
18:15 20 71 C. Lange: TiNet - A Concept Study for a Titan Geophysical Network

18:35 Evening Activity

Opening; Outlook 
for Probe 
Missions

Giant Planets

09:00 30

Tuesday, 19 June 2012

Time Duration Session Id Description Conveners
08:00 30 Registration/Coffee

08:30 20 Session 3, cont. 163 R. Thissen: Orbitrap Mass Analyser: a Tool for Titan Complex Molecular Content 
Exploration 

Jeff Hall

08:50 20 127 A. Brandis: Modeling and Validation of CN Violet Radiation Relevant to Titan Entry Francesca Ferri

09:10 20 8
J. Hall: Titan Montgolfiere Balloon Analysis and Design Using Computational Fluid 
Dynamics Simulations

09:30 20 22 J. Nott: Lessons for Titan balloons from recent terrestrial experience
09:50 20 14 G. Dorrington: Buoyancy Estimation of a Titan Aerostat 
10:10 20 133 D. Akita: A Simple Entry, Descent, and Floating System for Planetary Ballooning
10:30 30 Coffee

11:00 20 Session 4 102 S. Limaye: Exploring Venus With Balloons - Science Objectives and Recent Technical 
Advances

Colin Wilson

11:20 20 Venus 169 C. Wilson: The European Venus Explorer (EVE) 2010 mission proposal Anita Sengupta

11:40 20 104 A. Sengupta: Development of a Venus Entry System for the Surface and Atmospheric 
Geochemical Explorer

12:00 20 154 C. Kelley: Parachute Development for Venus Missions
12:20 20 41 D. Mehoke: Technologies for a Long Duration Lander on the Surface of Venus
12:40 90 Lunch

14:10 25 144 E. Venkatapathy: A Game Changing Approach to Venus In-Situ Science Missions 
Using Adaptive Deployable Entry and Placement Technology (Invited)

14:35 25 153 S. Limaye: Sampling the Unexplored Regions of Venus (Invited)

15:00 20 69 G. Dorrington: Venus Atmospheric Platform Options Reconsidered

15:20 25 (Session 7A Invited) 6 M. Barucci: MarcoPolo-R: Asteroid Sample Return Mission (Invited: Airless & Primitive 
Bodies)

15:45 30 Coffee

16:15 25 Session 5 74 F. Ferri: ExoMars Atmospheric Mars Entry and Landing Investigations and Analysis 
(AMELIA) (Invited)

Karl Edquist

16:40 20 Mars 140 T. Walloschek: ExoMars EDM Mission and Development Status Jill Prince

17:00 20 29
M. Munk: Status of the Mars Entry Atmospheric Data System (MEADS) Hardware and 
Data Reconstruction Effort Ozgur Karatekin

17:20 20 101 T. White: Status of the MEDLI Integrated Sensor Plug (MISP) Hardware and Data 
Reconstruction Effort

17:40 20 37 M. Perkinson: Mission Architecture and System Design of a Mars Precision Lander
18:00 20 72 M. Chapuy: Vision-based navigation solution for soft and precise landing on Mars
18:20 130 Poster Session Poster Session/Wine & Cheese Ioana Cozmuta
20:30 End of day

Titan
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Wednesday, 20 June 2012

Time Duration Session Id Description Conveners
08:00 30 Registration/Coffee
08:30 20 Session 5, cont. 136 B. Van Hove (Student): Obtaining Atmospheric Profiles during Mars Entry Karl Edquist

08:50 20 52 M. Sorgenfrei (Student): Revision of a Parametric Entry, Descent, and Landing Design 
Tool for Mars Exploration

Jill Prince

09:10 20 134 D. Bonetti: Optimum Sizing for Design of Mars Probes Ozgur Karatekin

09:30 20 4 A. Korzun (Student): Conceptual Modeling of Supersonic Retropropulsion Flow 
Interactions and the Relationship to System Performance

09:50 20 79 A. Guelhan: Improvement of Experimental and Numerical Tools for Safe and Controlled 
Martian Entry 

10:10 30 Coffee
10:40 20 86 R. Kovalev: Experimental and Numerical Simulation of Martian Entry Conditions

11:00 20 3 A. Kolesnikov: Simulation of heat transfer and surface catalysis for EXOMARS entry 
conditions

11:20 20 155 K. Fujita: Technology Development toward Mars Aeroflyby Sample Collection
11:40 20 19 T. Chabot: Robust Autonomous Aerobraking Strategies

12:00 20 51 A. Sanchez Hernandez (Student): IPPW-9 Dynamical study of the aerobraking technique 
in the atmosphere of Mars

12:20 210 Field Trip Bag Lunch/Field Trip
19:00 Visit Visit of cite de l'espace
20:30 180 Banquet Banquet
23:30 End of day

Mars

Thursday, 21 June 2012

Time Duration Session Id Description Conveners Session Id Description Conveners
08:00 30 Registration/Coffee Registration/Coffee

08:30 25 Session 6A 175 N. Cheatwood: NASA Game Changing Development Program - Entry, Descent, and 
Landing Overview (Invited)

Aaron Morris Session 6B 40 J. Bouilly: RASTAS SPEAR : Radiation Shape Thermal Protection Investigation for High 
Speed Re-Entry (Invited)

Michelle Munk

08:55 20 21 K. Edquist: Supersonic Retropropulsion Technology Development in NASA’s Entry, 
Descent, and Landing Project

Ali Guelhan 192 T. Yamada: Post-Flight Analysis  of the Hayabusa Sample Return Capsule Todd White

09:15 20 89 J. Del Corso: Aerothermal Ground Testing of Flexible Thermal Protection Systems for 
Hypersonic Inflatable Aerodynamic Decelerators

28 M. Munk: Multi-Mission Earth Entry Vehicle Development by NASA’s
In-Space Propulsion Technology (ISPT) Project

Jean Muylaert

09:35 20 63 J. Knittel (Student): Optimized StarBody Waverider Shapes for Lifting Aerocapture 46 L. Ferracina: PHOEBUS a hypervelocity entry demonstrator

09:55 20 166 A. Saunders: Sub-scale, high-altitude testing of parachutes; a low-cost methodology for 
the characterisation of parachutes for planetary entry

2 G. Bailet (Student): Re-entry Platform for In-flight Demonstration and In-situ 
Measurement 

10:15 20 178 B. Tutt: Modeling the Structural Performance of Hypersonic Inflatable Aerodynamic 
Decelerators

103 A. Sengupta: Orion Multi-Purpose Crew Vehicle Drogue Parachute Performance 

10:35 30 Coffee Coffee

11:05 20 137 N. Cheatwood: HEART Flight Test Overview 176 M. Murbach: The Small Payload Quick Return (SPQR) System as a Testbed for Future 
Planetary Probe Missions 

11:25 20 148 D. Jurewicz: Design and Verification of Full-Scale Inflatable Aeroshell Structures for 
Hypersonic Applications

84 J. Heilimo: Adapting Mars Entry, Descent and Landing System for Earth 

11:45 20 109 A. Calomino: Flexible Thermal Protection System Design and Margin Policy 131 K. Hirai: IR&D Studies of Light Weight Ablator for Future Reentry Capsule Heatshield

12:05 20 110 J. Del Corso: Flexible Thermal Protection System Development for Hypersonic Inflatable 
Aerodynamic Decelerators

76 H. Ritter: ESA TPS Activities for Sample Return Missions

12:25 20 185 E. Venkatapathy: Deployable Aeroshell Technology Maturation Plan and Progress: 
Enabling Planetary In-Situ Science Missions

24 R. Lorenz: A Review of Apollo Splashdowns - Influence of Cavity Resurge on Stability

12:45 95 Lunch/Professional Development Ioana Cozmuta Lunch/Professional Development Ioana Cozmuta

14:20 20 Session 7A 45 B. Houdou: The European Lunar Lander: A Human Exploration Precursor Mission Louise Prockter Session 7B 96 R. Trautner: ESA supported Chip and ASIC Technology Developments for Exploration 
Missions including Planetary Probes

Dan Empey

14:40 20 118 E. Zaunick: Innovative Visual Navigation Solutions for ESA’s Lunar Lander Mission Jens Biele 7
L. Deutsch: NASA Space Communications and Navigation Support to Planetary Probe 
Missions Jose Santos

15:00 20 87 R. Garcia: Farside Explorer mission project and internal seismic structure of the Moon 30 B. Dachwald: Development and Testing of a Maneuverable Subsurface Probe That Can 
Navigate Autonomously Through Deep Ice

Kelly Geelen

15:20 20 120
G. Orlando: Application of Simultaneous Localization and Mapping algorithm to Terrain 
Relative Navigation for Lunar Landing 82

C. Pearson (Student): Investigating the Composition of Enceladus via Primary Lander 
and Underwater Microorganism Explorer (ICEPLUME)

15:40 20 149 R. Gowen: A low cost penetrator mission to study lunar volatiles 114 D. Bonetti: Robust and Autonomous Aerobraking Strategies

16:00 30 Coffee Coffee

16:30 20 81 S. Tardivel (Student): A simple, robust and adaptable strategy for ballistic landings on 
small binary bodies

98 M. Adler: Low-Density Supersonic Decelerator Technology Demonstration Mission

16:50 20 25 S. Ulamec: Lander Concepts for MarcoPolo-R 99 I. Clark: Development and Testing of a New Family of Low-Density Supersonic 
Decelerators

17:10 20 67 A. Rivkin: MERLIN: Mars-Moon Exploration, Reconnaissance and Landed Investigation 11 C. Tanner (Student): Fluid-Structure Interaction Analyses of a Tension Cone Inflatable 
Aerodynamic Decelerator

17:30 20 161 L. Prockter: Roadmap for and potential science return of a Europa Lander Mission 139 G. Molera Calves: VLBI and Doppler tracking of Venus Express spacecraft

17:50 20 151 R. Gowen: An astrobiology Payload Complement for a Europa Penetrator 172 G. Swanson (Student): Instrumentation for the Characterization of Inflatable Structures

18:10 20 147 S. Vijendran: Design of an Astrobiology Penetrator and Delivery System 182 A. Guarneros Luna (Student): A Flight Technology Demonstration of a Space Plug and 
Play Avionics (SPA) Module for Future Planetary Probes

19:00 120 IOC dinner
21:00 End of day

Cross-Cutting 
Technologies I

Earth Entry & 
Sample Return

Airless & Primitive 
Bodies

Cross-Cutting 
Technologies II

Time Duration Session Id Description Conveners
08:00 30 Registration/Coffee
08:30 5 Session 8 Introduction - P. Papadopoulos David Mimoun
08:35 35 Closing 80 B. Johns : Austerity In the Age of Innovation (Invited) Periklis Papadapolous
09:10 30 Student Awards Presentations - S. Ruffin
09:40 30 Coffee
10:10 35 IPPW-9 Summary - P.  Bousquet
10:45 15 IPPW-9 IOC Report - B. Bienstock
11:00 15 Open Forum - D. Mimoun
11:15 15 Introduction of IPPW-10 - P. Papadopoulos
11:30 5 Closing and Farewell - D. Mimoun
11:35 End of day
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French contributions to entry and surface missions 
Pierre W. BOUSQUET 

Head of Planetology and Microgravity project office  CNES, email : 
pierre.bousquet@cnes.fr 

 

In the general case, planetary exploration has followed a logical trend: planets or small bodies were first visited remotely through one or 
several fly-bys, before technological progress made orbit insertion, and continuous observation, possible. The next step has been landing on 
those bodies, which has opened the way to in-situ measurements. The ultimate improvement is represented by bringing samples back to 
Earth, but such missions are still in a pioneering phase.  

The possibilities offered by in-situ missions are very diverse:  

- interpretation and calibration of remote sensing data, “the ground truth”, 

- detailed analysis of local features, down to microscopic level, 

- access to the subsurface, trough drilling or radar survey, 

- in depth characterisation, through seismology measurements, or radar tomography in the case of small bodies. 

Early in-situ robotic missions took place on the Moon, on Venus and on Mars in the 60’s and the 70’s. However, the last decade was a 
golden age for these missions with impressive successes of missions on Titan and on Mars, and the development of several exciting 
missions which should materialise in the coming years. Landing missions are fairly complex: they often need several modules, 
telecommunication relay capacities, a very high level of resiliency and can be submitted to stringent planetary protection requirements. As a 
consequence, most of these missions belong to the high cost range of planetary exploration, difficult to reach within the budget possibilities 
of a single national space agency such as CNES.  

We will describe in our presentation  how, together with French scientific laboratories, we contribute to in-situ missions, by providing various 
types of instruments, and also on a case by case basis by getting involved in lander system development, or in operations. These 
contributions take place quite naturally from a European perspective within the frame of ESA led missions, but also through bilateral 
cooperation with NASA, Roscosmos and JAXA.  

As far as system activities are concerned, CNES has built-up a broad range of competences :  

- Landers for small bodies, in cooperation with DLR, such as Philae for the Rosetta mission, and the on going development of 
Mascot which will be delivered to an asteroid by JAXA’s Hayabusa 2 spacecraft; 

- Rover autonomous navigation; for example the ExoMars 2018 rover navigation software is based is built upon algorithms 
developed at CNES; 

- Operations : Philae’s Science Operation and Navigation Center (SONC), and the remote control center of the ChemCam and 
SAM-GC instruments of the MSL mission, called FIMOC, are both located in our Toulouse technical centre; 

- Aerodynamics at entry; we have built up an extensive simulation and test expertise since the ARD demonstration mission, and are 
currently developing a sensor for measuring the radiative fluxes on the backshell of ExoMars demonstration capsule, planned for 
2016; 

- Balloons for atmospheric missions, where we work on technology for Titan and Venus applications.  

For instrumentation, French planetology and exobiology laboratories, with the support of CNES expertise and R&D program, has delivered 
state of the art hardware to a large number of on-going or decided in-situ missions. They will contribute to the investigation of an extensive 
set of bodies of the Solar System (Titan, Mars, Phobos, a Comet nucleus, the Moon, and asteroids). The  principal instrument families where 
major experience has been accumulated are the following:  

- Chromatograph columns, 

- Laser spectroscopy, 

- Hyperspectral microscopic imagers,  

- Seismometers, 

- Ground Penetrating Radars. 

Finally, the perspectives for the next decade will be highlighted by presenting our main R&T efforts on instrumentation such as  

- Miniaturised and power reduced technologies; 

- Further integration of spectrometry and imaging;  

- High resolution mas spectrometer based on the Orbitrap concept; 

- New scientific capacities such as Laser induced Fluorescence for organic material characterisation, and in-situ dating. 
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The ESA Science Program for the progress of European society 

Alvaro Giménez Cañete 
European Space Agency – Science and Robotic Exploration Directorate 

*e-mail: Alvaro.Gimenez@esa.int 
 

The Science and Robotic Exploration Directorate is in charge of developing the so-called “Science 
Mandatory Programme”, the only mandatory element of ESA, and, therefore, both a flagship and a 
symbol for the Agency. Both long-term science planning and mission calls are bottom-up processes, 
relying on broad community input and peer review. Through this programme, ESA must implement 
challenging scientific projects and promote advancement in technologies that individual European nations 
cannot obtain on their own.  

 
The ESA Science Programme has allowed European scientists to score key “firsts”. This is true also in 

the field of probing planetary objects, e.g., with the successful landing of the ESA – Huygens probe (part 
of the NASA-ESA-ASI Cassini-Huygens mission) on Titan in 2005. ESA (alone or in partnership with 
other Agencies) is present in the Solar System with a fleet of spacecraft:  Mars Express and Venus 
Express study and monitor planets; Cluster, SOHO, Hinode and Proba-2 investigate the Sun and the 
effects of emitted energetic particles and radiation in the interplanetary medium and on planetary bodies. 
Rosetta will allow soon unprecedented investigations of comet 67P/Churyumov-Gerasimenko, both 
remotely and in situ. The ESA-JAXA BepiColombo two-spacecraft mission will be launched in 2015 
with destination Mercury. Integrated multi-point and multi-object observations allow an innovative view 
about the rules governing our Solar System and ultimately drive a revolution in our comparative 
understanding of planetary bodies, including the Earth.  

 
The Cosmic Vision program is since 2005 the implementation tool to prepare the scientific missions 

for the period 2015-2025. Following the first call in 2007 for Medium (M) and Large (L) missions, Solar 
Orbiter and Euclid have been selected as “M1” and “M2” missions, respectively, in 2011. The Jupiter Icy 
Moon Explorer (JUICE) has been selected as “L1” in May 2012; this mission will guarantee a leading 
role to ESA in placing the new milestone in the exploration of outer planets and will prepare for future 
probing of Jovian moons by landers. At the second call for M-missions in 2010, EchO, LOFT, STE-
QUEST and MarcoPolo-R have been selected for assessment. MarcoPolo-R is studied to collect samples 
from a primitive Near Earth Asteroid to be returned to Earth for laboratory analyses. The “M3” mission 
down-selection is planned for mid 2013. 
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EXPLORATION OF THE DEEP ATMOSPHERE 
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The Schumann Resonance (SR) phenomena in the 
Earth surface-ionosphere cavity was predicted by 
German Physicist Prof. Winfried Otto Schumann who 
had anticipated its existence in the 1950 (Ref. 1). SR’s 
were detected about 10 years later (Ref. 2). On Earth, 
they are excited by -mostly vertical- lightning 
discharge impulsive currents. Under simplifying 
assumptions that consider the conductivity of the 
Earth’s ionosphere and of its surface to be infinite, the 
frequencies of the Schumann Resonance are given by 

the following formula:  where c is 
the speed of light, R the Earth radius and n the 
harmonic order. This formula gives a fundamental 
frequency of about 10.6 Hz. When taking into account 
the medium losses, a more accurate formula is: 

, where h is the 

effective height of the ionosphere, !r the relative 
permittivity and " the conductivity of the medium 
assumed uniform, and !o the permittivity of vacuum 
(Ref. 5). This formula gives values close to the 
measured ones: 7.8 Hz, 14.3 Hz, 20.8 Hz, 27.3 Hz, 
33.8 Hz, etc... In addition to the frequency spectrum 
itself, other characteristics of the SR spectrum are 
important diagnostic parameters of the cavity. The 
characteristics of the SR spectrum are affected by 
several factors, including the day-night ionosphere 
asymmetry, the magnetic field, ionospheric 
perturbations and latitudinal variations in the 
ionosphere profile, in particular at polar latitudes, and 
the water concentration in the atmosphere. SR’s have 
also been detected by Huygens in Titan’s atmosphere. 
This detection allowed inferring the depth (55-90 km) 
of the subsurface water-ammonia ocean (the lower 
boundary of the cavity) below the ice crust, which is 
assumed non-conductive. On Titan, the SR’s are 
excited by longitudinal ionospheric current systems 
created by the interaction of Titan’s upper atmosphere 

with Saturn’s magnetosphere (Ref. 3 and references 
therein). It is anticipated that SR’s may also be excited 
by lightning activity in the ionosphere/surface cavity in 
the atmospheres of other planets, in particular in those 
of the gas and ice giants (Jupiter, Saturn, Uranus where 
lightning activity was detected, but detection at 
Neptune is uncertain, Ref 4.). Recent work (Ref. 5) 
suggests that the characteristics of the SR’s in those 
atmospheres are influenced by the volatile profile as it 
governs the electrical characteristics of the cavity. The 
measurements of the SR’s in the giant planet 
atmospheres is a potential diagnostic tool of the 
atmosphere profile down to deep depth. While most of 
the Earth SR observations were made with ground-
based measurements, the recent in-orbit observation of 
the Earth SR’s (Ref. 6) allows to envisage that SR‘s in 
the giant planets may be detectable not only in situ on 
board an atmospheric probe, but also remotely during a 
flyby or from orbit. The role of the Earth’s magnetic 
field in the mechanism that allows the SR’s to “leak-
out” of the Earth cavity is a topic under investigation. 
It is interesting to note that, so far, no remote sensing 
detection of the SR’s on Titan during the numerous 
Cassini Titan flybys has been reported.  This is 
currently the subject of a special study. This paper 
provides an overview of the modelling work of the 
SR’s in the atmosphere of the giant planets. The 
detectability of the SR’s by both in situ and remote 
sensing techniques will be discussed. The diagnostic 
powerfulness of the combined approach in situ/remote 
sensing will be highlighted. The sensitivity of the SR 
spectrum characteristics to the volatile profile, 
especially the water content, will be discussed. 
Detection techniques, including those for future Titan 
missions, will be briefly addressed.  
 
Ref 1: W. O. Schumann, « Über die Dämpfung der 
elektromagnetischen Eigenschwingnugen des Systems 
Erde – Luft – Ionosphäre » dans Zeitschrift und 
Naturforschung, vol. 7a (1952), p. 250-252; Ref 2: M. 
Balser et C. Wagner, « Observations of earth-
ionosphere cavity resonances », Nature, vol. 638 
(1960), p. 641 ; Ref. 3 : Béghin et al. Analytic theory 
of Titan's Schumann resonance: Constraints on 
ionospheric conductivity and buried water ocean, 
Icarus 2012 ; Ref 4 : Zarka et al., Study of solar system 
lightning with LOFAR, Planet. Space Sci. 52 (2004) ; 
Ref. 5, Simoes et al., ApJ, 2012. Simões et al., Using 
Schumann resonance measurements for constraining 
the water abundance on the giant planets- Implication 
for Solar System formation, Applied Phys. Let., in 
press (2012); Ref. 6, Simoes et al., Observations of 
Schumann resonances in the Earth’s ionosphere, 
Geophys Res Lett, 38, L22101, 
doi:10.1029/2011GL049668. 
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The Titan Mare Explorer (TiME) is a Discovery-class mission to Titan, which has recently completed 

its Phase-A study. If selected for implementation in July 2012, it will be the first outer solar system 
Discovery mission, and the first in situ exploration of an extraterrestrial sea.  

After the Cassini mission, many aspects of the lakes and seas of Titan will remain unknown or poorly 
understood, including their detailed composition, physical properties, depth, and shoreline characteristics, 
all critical to understanding Titan’s active methane cycle. Observations of air-sea exchange processes in 
exotic conditions will inform our fundamental understanding of these important processes on Earth. 
Titan’s seas are also an important astrobiological target: chemical processes on the surface may yield 
prebiotic molecules impossible to form in gas phase photochemistry. The only way to understand Titan’s 
methane cycle, its climate, and its prebiotic chemistry are through in-situ chemical analysis and 
observations. 

The primary target for the TiME mission is Ligeia Mare (78°N, 250°W), the best-mapped and second-
largest sea on Titan with a surface area of ~100,000 km2. TiME science objectives are: 1) measure the sea 
chemistry to determine their role as a source and sink of methane and its chemical products, 2) measure 
the sea depth to help constrain organic inventory, 3) constrain marine processes including sea circulation 
and the nature of the sea surface, 4) determine sea surface meteorology, and 5) constrain prebiotic 
chemistry in the sea. TiME’s focused instrument package includes a mass spectrometer, a physical 
properties and meteorology package, and an imaging system. The science objectives of TiME are directly 
responsive to goals from the 2003 and 2010 Solar System Decadal Surveys, including understanding 
planetary habitats, through TiME measurements of organics on another planetary object, and 
understanding the workings of solar systems, through TiME’s first in situ measurements of a liquid cycle 
beyond Earth.  

TiME would nominally launch in 2016, with an arrival in 2023. Both Earth and sun barely set below 
the horizon during the three-month minimum lifetime of the mission, while TiME collects and transmits 
data as it drifts across the sea.  A launch date for TiME before 2019 is essential; launching after that date 
would result in an arrival during northern winter on Titan, after the sun and Earth have set as seen from 
Ligeia, making direct to Earth transmission impossible. 

TiME would test the Advanced Stirling Radioisotope Generators (ASRGs) in deep space as well as a 
non-terrestrial atmosphere. Its high heritage instruments, simple surface operations, government-furnished 
launch and power systems, and relatively benign entry, descent and landing conditions make a sea lander 
mission to Titan achievable as a Discovery-class mission.  

TiME would provide the first in situ exploration of an extraterrestrial sea and the first in situ 
measurements of an active liquid cycle beyond Earth. By directly sampling the sea liquids, it would aid in 
understanding the limits of life in the solar system.  



! ! ! !
$%%&'(!%)*+),-!!'!S),>!F)*+),-!m!C422=*8!.'!A=5,8!

! ! #V!

"#!$)5&/05=?+!90)!%-65.3/!5)-%'%4'!%>!93*5.Q'!5*=%'?0)-)!AJ]TE! ! ! ! ! ! !
! ! ! !
& !

  



! ! ! !
$%%&'(!%)*+),-!!'!S),>!F)*+),-!m!C422=*8!.'!A=5,8!

! ! #[!

,#!;%04+!;/3).*3>3/!-5*3%.54)!%>!>&*&-)!93*5.!45.D3.6!'3*)'!AJULE! ! ! ! ! ! ! !
! ! !
& !

  



! ! ! !
$%%&'(!%)*+),-!!'!S),>!F)*+),-!m!C422=*8!.'!A=5,8!

! ! #\!

8#!75.6)+!93H)*!c!<!8%./)?*!;*&D@!>%-!5!93*5.!\)%?0@'3/54!H)*P%-S!AYJE!! ! ! ! ! !

! ! ! !
& !

  



! ! ! !
$%%&'(!%)*+),-!!'!S),>!F)*+),-!m!C422=*8!.'!A=5,8!

! ! #(!

G#!903'').+!O-13*-5?!25''!<.54@')-+!5!9%%4!>%-!93*5.!8%=?4)V!2%4)/&45-!8%.*).*!:V?4%-5*3%.!!
& !

 
 

Orbitrap Mass Analyser: a Tool for Titan Complex 
Molecular Content Exploration  

R.Thissen*, S.Cornelli and P. Puget 
 Institut de Planétologie et d’Astrophysique de Grenoble (IPAG), 38000 Grenoble, France, 

*Roland.thissen@obs.ujf-grenoble.fr 
C. Briois, L. Thirkell, A. Boukrara and J.P. Lebreton 

Laboratoire de Physique et Chimie de l’Environnement et de l’Espace (LPC2E), UMR CNRS 7328, 3A Av. de la 
Recherche Scientifique, 45071, Orléans, France, 

P.M. Beauchamp, E.L. Neidholdt, J.L Beauchamp  
Jet Propulsion Laboratory – California Institute of Technology, 4800 Oak Grove Drive Pasadena, CA91109 

H. Cottin and N. Grand 
Laboratoire Interuniversitaire des Systèmes Atmosphériques (LISA), UMR CNRS 7583, université Paris Est Créteil 

et université Paris Diderot, Institut Pierre Simon Laplace, France, 
C. Szopa, N. Carrasco and A. Bouabdellah 

Laboratoire Atmosphères, Milieux, Observations Spatiales (LATMOS), UMR CNRS 8190, UPMC, 
UVSQ, 11 Bvd d’Alembert 78280 Guyancourt, France, 

C. Engrand 
CSNSM, Univ. Paris Sud/CNRS, bat. 104, 91405 Orsay, France, 

A. Makarov 
Thermo Fisher Scientific, Hanna-Kunath Str 11, 28199 Bremen, Germany. 

 
The Cassini-Huygens measurements show the existence of very large molecular structures in Titan’s 
atmosphere as well as on its surface in the form of dunes deposits or lakes, at levels that can be sampled 
directly by spacecraft in the upper atmosphere/ionosphere, balloon, or lander. We do not know the nature 
and structure of most of these molecules, but they are organic, i.e. containing C, H, N, and potentially O. 
The presence of cyclic molecules, amines, hydrocarbons, and oxygen suggests that molecules similar to 
biological building blocks on Earth could be formed. Titan is therefore a unique opportunity to study a 
phase of pre-biotic chemistry, occurring right now. The Cassini-Huygens instruments already showed that 
their analytical performances are insufficient to characterize the very complex medium they probe. It is 
therefore necessary to develop new instrumentation to improve the description of the molecular structures 
that are produced. 

Mass spectrometry, by its ability to analyse and quantify species from almost any type of sample 
(provided the appropriate sampling and ionizing method is used) is an excellent tool to study the complex 
mixtures expected on Titan (1). The ability then to assign molecular formula to masses depends on the 
resolution of the mass analyser; it requests higher resolution mass analysers than those of Cassini/ 
Huygens. As already stated in the TSSM study, to go back to Titan, a high-resolution mass spectrometer 
will be mandatory. We develop the concept of mass analyser for space applications that is lightweight and 
provides ultrahigh resolving power capabilities (M/ΔM beyond 105 up to m/z 400): the Orbitrap. 

The Orbitrap mass analyser concept was demonstrated in 2000 (2). Since 2009, CNES has funded an 
R&T program in order to study the space applications of the concept. A consortium of 4 laboratories 
located in France: LATMOS, LPC2E, LISA, coordinated by IPAG in collaboration with Thermoelectron 
company was organized and a first prototype is now running at LPC2E, Orléans. We will describe the 
concept, its performances, and the required steps to develop an orbitrap-based high-resolution mass 
spectrometer that would meet the required performances for a future Titan mission. Implications of its use 
on an orbiter, a balloon or a lander will be discussed. 

Acknowledgement: This work is supported by CNES funding. 
(1) P.Pernot et al. “tholinomics – chemical analysis of nitrogen-rich polymers” Anal. Chem. (2010) 82,4 1371-1380 
(2) A. Makarov, “Electrostatic Axially Harmonic Orbital Trapping: A High-Performance Technique of Mass Analysis”, 

Anal. Chem., (2000) 72, 1156-1162. 
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! A Montgolfiere, or hot air balloon, is an attractive mobile platform for carrying scientific instruments on a 

wide-ranging exploration of Titan’s lower atmosphere and surface regions. The key to successful implementation of 
the concept is an accurate prediction of buoyancy across the wide range of flight conditions expected on a long 
duration mission in the Titan environment. This paper reports on recent results from modeling thermo-fluid behavior 
of a Titan Montgolfiere using computational fluid dynamics (CFD) simulations. Many CFD simulations were 
performed, grouped into four categories that explored different aspects of the overall problem. First, Reynolds-
averaged Navier-Stokes (RANS) techniques were used to model 1 meter diameter single and double wall balloons 
that were tested at cryogenic temperatures (90K) on Earth. Good agreement was obtained between the measured and 
simulated buoyancy for both balloons. Second, RANS models were used to simulate full scale (10 meter) double-
wall balloon designs either as closed spheres or with realistic geometrical features such as a teardrop shape and an 
inlet hole at the bottom of the balloon. Although there were small differences between the closed sphere and realistic 
geometry computations, both sets of results showed that the double-wall design was less effective at increasing 
buoyancy than estimates based on engineering heat transfer correlations for concentric heated spheres held at 
uniform temperatures. This discrepancy led to the third group of simulations that focused on the thermo-fluid 
behavior of an idealized gap using direct and large-eddy simulation techniques that directly resolve the unsteady, 
turbulent convective flows for a Rayleigh number range of 104 < Ra < 109. Comparing these results to RANS 
simulations and correlations suggests that the engineering correlations do not provide accurate heat transfer 
estimates for the turbulent flow in thinner gaps under turbulent flow conditions. The fourth set of CFD simulations 
quantified the change in buoyancy performance due to forced external convection, modeling those flight conditions 
for a balloon with changing altitude. The paper concludes with a short parametric assessment that maps out the 
payload mass versus float altitude versus balloon size design space for full scale Titan Montgolfiere double-walled 
balloons using the heat transfer performance quantified by the recent CFD results. The basic conclusion is that the 
balloon diameter must grow by 10% to 20% to compensate for the poorer buoyancy performance indicated by the 
recent CFD simulations as compared to previous estimates based on correlations. 
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The European Venus Explorer (EVE) mission described here was proposed in December 2010 to ESA 
as an `M-class' mission under the Cosmic Vision programme. It consists of a single balloon platform 
floating in the middle of the main convective cloud layer of Venus at an altitude of 55 km, where 
temperatures and pressures are benign (~25°C and ~0.5 bar). The balloon float lifetime would be at least 
10 Earth days, long enough to guarantee at least one full circumnavigation of the planet. This offers an 
ideal platform for the two main science goals of the mission: study of the current climate through detailed 
characterization of cloud-level atmosphere, and investigation of the formation and evolution of Venus, 
through careful measurement of noble gas isotopic abundances. These investigations would provide key 
data for comparative planetology of terrestrial planets in our solar system and beyond.  
 
 The 15kg scientific payload includes a mas spectrometer devoted to isotopic ratio and noble gas 
measurement, equipped with getters and cryotraps to remove the dominant atmospheric species 
permitting detection of trace gas species. The chemistry payload includes a gas chromatograph, dynamic 
mass spectrometer and tunable laser absorption spectrometer for the chemical analysis of atmosphere and 
aerosol composition, and a nephelometer and X-ray fluorescence spectrometer for the microphysical and 
elemental characterization of cloud droplets. Cloud-level radiative-dynamic feedbacks will be 
investigated using a meteorology suite (pressure, temperature, vertical wind) and radiometer. Finally, an 
electrical field instrument measures the AC and DC components of electrical field, providing information 
on the electrical properties of atmosphere, ionosphere and subsurface. 
  
 Critical factors for the success of a Venus balloon mission include mass, datarate, and power. The 
trade-offs evaluated and solutions reached for EVE will be presented.  
 

 
T. Balint 
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Renewed interest in Venusian science is driving the development of new mission architectures to explore the 
climate, geological, and the historical context of our sister planet in terrestrial planet formation. The evidence of 
recent volcanism, geological discoveries of tesserae, and even Earth-based climate science, has once again brought 
Venus to the forefront of planetary science.  Venus’s runaway green house effect continues to mystify the science 
community and draw parallels to climate change processes on Earth. As a result, a variety of potential planetary 
probes to Venus are currently being investigated by NASA, with a range of capabilities extending to surface 
accessibility. 

Due to the dense atmosphere, high temperature, and thick cloud layer, remote sensing of the surface of Venus is 
challenging, limiting the data that can be obtained. Therefore a surface science mission that enables in-situ 
geological, mineralogical, and climatological measurements of the planet is of high value to the science community. 
In addition the Venus Express imaging of what could be recent volcanic flows provides scientific context and 
definitive landing site requirements for a science-focused mission. To enable such a mission an entry, descent, and 
landing (EDL) system was designed for a near-term mission that addresses the unique challenges of a Venus entry in 
terms of entry velocity, deceleration, and surface environment, while still relying on heritage technologies and 
processes.   

The Surface Atmosphere and Geochemical Explorer is a landed mission concept that would descend ballistically 
through the atmosphere of Venus inside a blunt body aeroshell, placing a lander on the surface for a three-hour 
mission duration. The lander would be equipped with descent and post landing cameras, sensors to measure 
atmospheric temperature, pressure, and wind, a tunable laser spectrometer and neutral mass spectrometer to measure 
isotopic ratios and gas composition, and a neutron-activated gamma ray spectrometer and a Raman/LIBS 
spectrometer to measure surface composition 

A Venus EDL architecture will be presented including entry system and landing site requirements, a trade space of 
three degree-of-freedom entry-trajectory simulations, and overall system sizing.  The prototype EDL system would 
use a 45-deg sphere cone carbon phenolic heat shield, pilot-deployed conical ribbon parachute system, rigid 
aerodynamic decelerator for terminal descent, pressure vessel lander body, and a crushable landing attenuation 
device. The key elements to be presented will include computational analyses of the aerothermal environment and 
loads, and thermal protection system (TPS), predictions of parachute performance, as well as the aerodynamic 
performance of and terminal descent system. System architecture trades will also be discussed in terms of 
optimization of structural mass, TPS mass, landing site accessibility, and peak heating. 
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Parachute Development for Venus Missions 

Christopher Kelley and Robert Sinclair 

Airborne Systems North America 

Christopher.Kelley@hdtglobal.com 

Dr. Anita Sengupta 

Jet Propulsion Laboratory 

Parachutes are a proven, mass-efficient system for entry, descent, and landing (EDL), both here on 

Earth, and on other bodies such as Mars and Venus.  This paper will focus on development considerations 

of parachutes to be used for Venus missions.  For the anticipated Venus mission masses, parachute 

reference diameters (D0) between 6 ft for a small probe and 40 ft for a large lander will be considered. 

 

The atmosphere of Venus presents both opportunities and challenges for parachute development.  The 

main challenge is obviously the highly corrosive sulfuric acid laden atmosphere.  Modern fibers have the 

ability to handle these environments, at a substantial weight savings over pervious Venus parachute 

systems.  Comparisons between the heritage ribless guide surface (RGS) and the variable porosity conical 

ribbon (VPCR) parachutes for the Venusian atmosphere will be discussed. 

 

Due to relative similarity in atmospheric density at likely parachute deployment altitudes between 

Earth and Venus, parachute development for Venusian missions enjoys an advantage in the ability to 

closely match mission deployment conditions during validation testing.  Techniques for parachute testing 

of parachutes for Venus missions will be discussed, as well as the benefits and compromises each 

technique presents. 
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Venus Atmospheric Platform Options Reconsidered 
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  In 2010, the European Venus Explorer (EVE) mission proposal advocated the use of a near-spherical 

helium-filled super-pressure balloon (similar to VEGA 1 & 2) in order to sample the Venusian 

atmosphere at a fixed altitude of about 55 km.  

 

One criticism of this platform option is that, although the balloon would experience vertical gusting, 

the vertical extent of the atmospheric sample would be limited. Ideally, a platform that could traverse 

through the cloud layers from about 40-60 km (on demand), would provide a better means of atmospheric 

sampling, resulting in greater scientific gain.    

 

 Another problem with using a helium-filled pressure super-pressure balloon is that it requires a 

relatively heavy compressed helium gas storage tank, resulting in substantially increased overall system 

mass (and therefore mission cost), or significantly reduced payload capability.  

  

In this paper, several different platform options will be reconsidered, including the concept of using a 

phase change balloon that oscillates in altitude
[1]

,  an infra-red Montgolfière
[2]

 that uses planet-reflected 

radiation to heat its interior and thereby achieve buoyancy, and finally the “Vetrolet” (or “Wind Flyer”) 

system, utilizing wind shear, as the proposed Venera-D mission
[3]

.  

 

It is concluded that each of these alternative systems could offer significant advantages over super-

pressure balloons, and consequently they all deserve further in-depth study.  

 

 

[1] Dorrington, G.E. (2010) Venus Atmospheric Platform Options Revisited, Adv. Space Research, 46, 310-326, 

2010.  

[2]  Malatere, P. (1993) Long-Duration Balloon Flights in the Middle Stratosphere, Adv. Space Research,  

13, 107-114.  

[3] Vorontsov, V.A. et al. (2011) Prospective Spacecraft for Venus Research: Venera-D Research,  Space System 

Research, 45 (7) 710-744.   
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We propose to present the GCD funded project plans and progress made to-date to 
mature the Deployable Aeroshell Concept (DAC) from a technology maturation level 
from 3 to 5 in two years time frame.   The DAC concept, also known as Adaptive, 
Deployable Entry and Placement Technology (ADEPT),  is a mechanically deployable 
semi-rigid aeroshell entry system to achieve low ballistic coefficient during entry. The 
concept is akin to an umbrella with a flexible and deployable carbon fabric integrated to 
the underlying deployable mechanical system. The woven carbon fabric, which covers 
large portion of the frontal surface and supported by rigid ribs, is the primary drag-
producing surface.  Its flexibility allows it to be stowable and deployable.   The carbon 
fabric also provides significant thermal protection capability. The carbon fabric will 
encounter high heating during entry and with its high thermal conductivity, allows re-
radiation from both the windward and leeward side of the fabric.  As a result, this concept 
is a mass efficient drag device.  
 
The mechanically deployable concept was originally developed for Mars missions with 
very heavy payloads, much greater than the MSL class, to be delivered to the surface and 
is described, in detail in Reference 1.  The Mars concept requires guided entry and hence 
in the original concept, the deployment systems associated with the aero-surface was 
designed so that it allows the vehicle to be guided via changing the lift vector orientation 
during entry.  In addition, the deployed aeroshell is reconfigured so that just prior to 
entry, it becomes the landing attenuation system with the carbon fabric skin providing 
limited protection from debris field generated by the retro-rockets. The concept for Mars 
is shown in Figure 1.   
 
At the IPPW8 in Norfolk, Virgina, we presented the benefit of Low Ballistic Coefficient 
Aeroshell Technology (LBCAT) for robotic in-situ science missions (Ref. 2) such as 
Venus, Saturn and Uranus. One major benefit of low ballistic coefficient is that 
deceleration is achieved at much higher altitudes during entry, thus resulting in peak 
conditions such as heat-flux, pressure and integrated heat-load much lower (one to two 
orders of magnitude lower) compared to rigid aeroshell.  In the case of planetary in-situ 
science missions to Venus, Saturn, Uranus and Neptune, simpler ballistic entry will be 
sufficient to meet the science requirements.  The deployable aeroshell concept, as a result 
of ballistic entry, will not require lift vectoring and the associated guidance, navigation 
and control, and thus will result in much lower life cycle cost, both technology 
development as well as mission execution costs. The design is also simpler for ballistic 
entry (Figure 2).   
 
We presented parametric studies performed to characterize the entry environment as a 
function of ballistic coefficient and entry flight path angle for Venus, Saturn and Uranus. 
                                                
1 Technical Lead, NASA Ames Research Center, Moffett Field, CA, USA 94035 
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 Computational fluid-structure interaction (FSI) analyses may play a signifant role in the design of 
inflatable aerodynamic decelerator (IAD) systems and in their qualification for flight missions. FSI 
analyses can provide initial aeroelastic deflection and stress predictions that can be incorporated into the 
design process. FSI analyses can also provide aerodynamic and structural performance estimates for IAD 
systems in appropriate flowfields when testing in relevant environments cannot be performed.  
 
An FSI analysis framework was developed that coupled together the Navier-Stokes flow solver FUN3D 
and the finite element solver LS-DYNA to perform static aeroelastic analyses of a tension cone IAD. 
Before an FSI framework can be trusted to provide sufficiently accurate aeroelastic solutions, however, it 
is important that the framework be grounded in relevant experimental data in order to appropriately 
configure the model parameters. The work described in this paper explains the aforementioned FSI 
framework and provides the results of a comparison between FSI simulations and experimental data 
obtained for a sub-scale inflatable tension cone IAD in supersonic flow. Comparisons included the 
deflected profiles of the IAD, deformation patterns on the tension shell, drag force of the deflected IAD, 
and the torus pressure requirement to maintain a fully-inflated shape. Examination of the FSI results 
revealed that the material model did not yield an acceptable simulation of the observed tension cone 
behavior using material properties derived from mechanical test data. A sensitivity study on the material 
properties indicated that the model required a significantly lower shear modulus than was obtained from 
mechanical testing to recover appropriate IAD deflections. Using this lower shear modulus, the FSI 
results demonstrated very similar static aeroelastic behavior as observed in the test articles, both in their 
fully inflated state and in their collapsed state (shown below). 
 
 

  
Figure 1. Comparison of test image and FSI result of a fully collapsed tension cone. 
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Wind Noise Analysis for a Very Broad Band Seismometer 
for Mars 2016 

W. Rapin*, D. Mimoun and R. Garcia 
Institut Supérieur de l’Aéronautique et de l’Espace 

*e-mail: william.rapin@gmail.com 
 

The InSight mission is a candidate to NASA Discovery program and especially includes a Very Broad 
Band (VBB) Seismometer, with SEIS (Seismic Experiment for Interior Structure). In order to investigate 
seismic activities with respect to the science objectives, this instrument should be able to take 
measurements of ground accelerations with an accuracy down to 10-9 m.s-2.Hz-1/2 (see performance and 
requirement on figure 1). The (broad) band used for science varies from 10-3 Hz to 10 Hz and any noise 
that will contribute to the error budget on this frequency space is investigated.  

 
The poster will present analysis for noise caused by wind envrionnement on the martian surface given 

the setting of the mission during science operations (see figure 2). The seismometer is protected using a 
wind shield that is set around. Both pieces are dropped from the deck to the a near ground location using a 
robotic arm. The wind environement induces stresses through all the existant hardware. After summing up 
present knowledge about the martian boundary layer [1], a wind model is chosen that will fit a nominal 
worst case for the wind velocity spectra used for simulations. This is compared to existing wind data from 
Viking Lander and large eddies simulations [2]. 
 

About four different noises due to wind are identified and their influence on the seismometer is 
estimated. In some cases the noise could be too high or contribute significantly to the error budget, so that 
studies include mission design recommandations to minimize noises due to wind. Identified contributions 
are due to: Wind shield set around the seismometer under drag and lift stresses, Lander under drag and lift 
stresses, solar panels flapping modes exited by local turbulence length effects and wind drag on the tether 
used to link the seismometer on the ground with the electronics located on the lander deck. 

 

     
Figure 1 (left), acceleration noise on the VBB due to wind on lander, 

and Figure 2 (right), setting during science operations. 
 
 
[1] THE MARTIAN ATMOSPHERIC BOUNDARY LAYER, A. Petrosyan, B. Galperin, S. E. Larsen, S. R. Lewis, A. Määttänen, P. L. 

Read, N. Renno, L. P. H. T. Rogberg, H. Savijärvi, T. Siili, A. Spiga, A. Toigo, and L. Vázquez (2011), American Geophysical Union. Reviews 
of Geophysics, 49, RG3005 

[2] Structure and Dynamics of the Convective Boundary Layer on Mars as Inferred from Large-Eddy Simulations and Remote-Sensing 
Measurements, Spiga, A., F. Forget, S.R. Lewis, and D.P. Hinson (2010), Quarterly Journal Royal Meteorological Society, 136, 414-428. 
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Analysis of Fluid-Structure Interactions with Application to 
Inflatable Aerodynamic Decelerators 

Matthew S. Bopp* and Stephen M. Ruffin 
Georgia Institute of Technology 

*e-mail: mbopp@gatech.edu 
 
 

The recent launch of the Mars Science Laboratory (MSL) will push the limits of deceleration technology as the 
vehicle enters the Martian atmosphere in August 2012. All Mars entry systems to date have relied heavily on the 
technology developed for the Viking Missions of the 1970s. Future missions will require increased landing mass, as 
well as higher precision landing capabilities. In order to achieve these goals, extensive technological development of 
deceleration concepts beyond the traditional disk-gap-band (DGB) parachute is necessary. Alternative systems had 
been considered during the development of the Viking program, but due to the decision to utilize the DGB, minimal 
research followed. The last decade has seen a renewed interest in developing necessary alternatives with one such 
enabling technology being the inflatable aerodynamic decelerator (IAD).  

 
With the impracticality of flight-testing every configuration for various conditions, and the problems associated 

with scaling wind tunnel tests, reliable computational simulations are critical. Recent work by a number of 
investigators1,2,3,4 has focused on the development of computational modeling for this problem. Much, but not all, of 
the work has been focused on the static analyses of the coupling between the fluid flow and structural dynamics. 
That being said, the goal of the present work is to develop a time-accurate aeroelastic tool to model the fluid- 
structure interactions (FSI) of inflatable aerodynamic decelerators. 
 
 FSI simulations require the computational analysis of both the fluid and structural dynamics. The current 
approach for joining the two disciplines utilizes a loose-coupling methodology between NASCART-GT and LS-
DYNA. The fluid dynamics is solved using NASCART-GT, a solution adaptive, Cartesian grid-based, Navier-
Stokes solver. A significant benefit of using this tool includes its capability to perform automated grid generation 
over complex, three-dimensional geometries. In addition to eliminating manual grid generation, this feature provides 
the framework for which the grid is adapted as the geometry undergoes deformation. Unlike body-fitted meshes that 
have limits on their ability to undergo deformation, such motion is more readily handled by an unstructured 
Cartesian grid. The structural analysis takes advantage of the commercial software package, LS-DYNA. This tool is 
a nonlinear, finite element solver that has been demonstrated1,4 as a reliable tool for analyzing thin-filmed, 
deformable membranes such as the configurations of interest in this study. 
 
 A series of validation cases are examined for both solvers. The re-gridding process that is associated with 
geometry deformations in NASCART-GT is verified for two moving cylinder test cases. These tests also provide 
validation of the moving boundary condition implementation by investigating surface pressure distribution. 
Additionally, a study of the time accuracy in the presence of unsteady boundary conditions is presented. This is 
achieved by investigating the case of a piston that is accelerating into and away from a stationary fluid. A relevant 
LS-DYNA case is also presented as a means of augmenting previously published validation cases. Finally, the 
analysis of an inflatable aerodynamic decelerator is presented. This case demonstrates the implementation of FSI 
coupling for a static analysis, which will lay the groundwork for further investigation of dynamic aeroelastic 
simulations.  

                                                             
1 Rohrschneider, R. R., Variable-Fidelity Hypersonic Aeroelastic Analysis of Thin-Film Ballutes for Aerocapture. 
PhD Thesis, School of Aerospace Engineering, Georgia Institute of Technology, 2007. 
2 Clark, I. G., Aerodynamic Design, Analysis, and Validation of a Supersonic Inflatable Decelerator. PhD Thesis, 
School of Aerospace Engineering, Georgia Institute of Technology, 2009. 
3 Gidzak, V. M., A Method of Simulating Fluid Structure Interactions for Deformable Decelerators. PhD Thesis, 
University of Minnesota, Minneapolis, MN, 2010. 
4 Tanner, C. L., Aeroelastic Analysis and Testing of Supersonic Inflatable Aerodynamic Decelerators. PhD Thesis, 
School of Aerospace Engineering, Georgia Institute of Technology, 2012. 
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The EntrySat mission is a joint project between the Institut Supérieur de l’Aéronautique et de l’Espace 
(ISAE), the Office National d’Études et de Recherches Aérospatiales (ONERA), and the Centre National 
d’Études Spatiales (CNES) to fly a 3U CubeSat under the QB50 competition. The primary objective of 
the mission is to return data on the atmospheric environment of small objects re-entering the Earth’s 
atmosphere.   

 
To date, several computer models have been tested and verified for larger vehicles and objects 

entering the atmosphere – however, the re-entry environment and behavior of small objects, such as 
CubeSats and orbital debris, is relatively underexamined.  While the same models are applied to these 
objects, it is not known entirely whether the models are valid for the flight regime experienced by a 
CubeSat-sized object.   

 
The EntrySat mission will record temperature data and drag force data during the re-entry event in 

order to validate re-entry models.  The final phase of satellite flight constitutes the primary mission of the 
satellite – nominal orbital operations will be primarily dedicated to the testing of engineering systems and 
the maintenance of system health in preparation for re-entry.  Data collection for nominal operation, 
including GPS, absolute attitude, magnetometer, and satellite dynamics via on-board IMU, will continue 
until destruction so that temperature and drag force data may be correlated to the satellite orientation and 
trajectory.  Communication provisions will be made through the use of alternative networks such as the 
Iridium constellation, in addition to UHF/VHF radio to ensure that data is returned.   

 
This project is intended to fly as an In-Orbit Demonstration (IOD) satellite for the QB50 constellation.  

The satellite shall be designed, built, and tested by students at ISAE, in collaboration with ONERA and 
CNES. 
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ABSTRACT

In recent years, considerable attention has been paid to
planetary hoppers for their potential to overcome the lim-
itations on landing precision and mobility facing current
planetary surface exploration technologies. This paper
describes the development of a unified vision and iner-
tial navigation system for propulsive planetary hoppers
and provides demonstration of this technology. A sen-
sor testbed, including a stereo vision package and inertial
measurement unit, was developed to act as a proof-of-
concept for this navigation system architecture. The sys-
tem is shown to be capable of outputting an accurate nav-
igation state estimate for motions and trajectories similar
to those of planetary hoppers.

1. INTRODUCTION

Planetary hoppers are vehicles that traverse planetary sur-
faces using chemical exhaust propulsion alone, freeing
them from many of the limitations of rovers and station-
ary landers. This allows hoppers to fine-tune their landing
sites to very high levels of precision, while also allowing
exploration of a wide range of otherwise inaccessible ter-
rain. For this reason, analogies such as “reusable landers”
and “airless helicopters” are sometimes used to describe
the unique mission profiles they enable.

Hopping vehicles provide advantages over traditional sur-
face exploration vehicles, such as wheeled rovers, by
enabling in-situ measurements in otherwise inaccessible
terrain [1]. However, significant development over pre-
viously demonstrated vehicle navigation technologies is
required to accomodate the additional, unique motions of
hoppers that must be accounted for beyond those typical
of conventional planetary landing and surface navigation
systems [2]. An example of a conceptual hopper is shown
in Fig. 1.

Hopping requires a fully autonomous, internal navigation
system capable of handling rapid, near-surface motions
in an unknown environment. Autonomy is required due
to the long communication delays to the Moon or other

Fig. 1: A conceptual hopper designed for use on the
moon. Image credit: Draper Laboratory/Next Giant Leap

planets, which eliminate the possibility of remote oper-
ation due to the rapidity of hopper motions. The sys-
tem must be entirely internal and self-contained because
installing a large-scale external navigation system (e.g.,
a GPS-like system) on another planetary body is pro-
hibitively expensive. The system must be capable of nav-
igating in an unknown environment, as a hopper might
be called upon to explore areas unavailable from orbital
imagery, such as permanently shadowed craters or under-
neath overhangs of cliffs [3].

The navigation systems developed for traditional explo-
ration vehicles cannot meet these needs. Navigation sys-
tems onboard prototype hoppers currently in develop-
ment for testing on Earth are typically dependent on ei-
ther an external system, such as GPS [4], or prior knowl-
edge of their environment [5]. Terminal-descent and
landing navigation systems, such as [6–9], are not de-
signed for extensive near-surface operation or high-rate
translational motion. Helicopter navigation systems, such
as [10–13], are capable of handling translational motion,
but are generally dependent on GPS or other external
systems, such as a barometric altimeter or remote oper-
ator.
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A Thermal Performance Data System (TPDS) was developed to manage thermal performance 

test results generated in arc jet tests of thermal protection system (TPS) materials. TPDS consists 
of operational software and secured servers designed specifically to help manage facility data, 
facilitate customer data delivery, and act as a secure relational database for historical results at 
the Arc Jet Complex at the NASA Ames Research Center. The first operational deployment of 
TPDS will be completed by mid-summer of 2012. After deployment, TPDS will be operated and 
maintained by the Arc Jet Complex. TPDS has been designed to increase test facility efficiency, 
streamline facility-customer interaction, provide easy and secure access to data by the thermal 
protection system community, and enable discipline-advancing work. Future developments of 
TPDS could significantly increase efficiently across the TPS community and provide for 
additional discipline advancement. Connections to computational fluid dynamic simulation of 
arc jets will provide a validated archive of arc jet conditions based on a standard analysis 
approach. Thermal response modelers will have access to both validated environments and 
thermal response results for model development, verification, and validation. Statistical analysis 
evaluating model efficacy and material performance can be completed with confidence. Projects 
will have a data management tool that streamlines data delivery and archival while securing the 
critical data necessary for Certificate of Flight Readiness. Legacy results from previous missions 
will be archived and made available to the community for research, development, and planning. 
The TPDS has been implemented in collaboration between the Jet Propulsion Laboratory (JPL) 
and the NASA Ames Research Center (ARC), supported by the NASA Engineering Safety 
Center (NESC) and the Arc Jet Complex (Code TSF). 
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